We have previously demonstrated that normal human oral keratinocytes immortalized by transfection with human papillomavirus type-16 Dna became tumorigenic after exposure to a chemical carcinogen. In an eort to detect dierentially regulated genes associated with this transition from the immortal to the malignant phenotype, we employed representational dierences analysis (a PCR-coupled subtractive hybridization technique). After analysing 50 colonies, 12 putative messages were identi®ed. Northern analysis comparison using the identi®ed cDNAs as probes was made between normal human oral keratinocyte, papillomavirus-immortalized human oral keratinocytes (HOK-16B), a neoplastic cell line derived from HOK-16B (HOK-16B-BaP-T) and the human oral cancer cell lines Hep-2, SCC-9 and Tu-177. We found that mRNAs encoding for cyclophilin A, cmyc binding protein 1, the heat shock protein 90a and one unknown transcript were up-regulated in the oral cancer cell lines analysed as well as in HOK-16B cells. We also detected a downregulation of the mRNAs encoding the skin-derived antileukoproteinase SKALP/ ela®n, the translationally regulated p23 protein and one unknown transcript. Whether these messages are associated to the neoplastic conversion of human keratinocytes remains to be determined.
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The conversion of normal cells into tumor cells represents a perturbation in the cellular machinery involved in the control of cellular replication and dierentiation as well as in cellular DNA repair (Bishop, 1987; Cohen and Ellwein, 1990) .`High-risk' human papillomavirus (HPV) DNA (types 16, 18, 31, 33 and 35) has been detected in 90% of cancer tissues from genital lesions, indicating the association of the viral E6/E7 oncoproteins and/or other HPV products with the development of cervical cancer (Durst et al., 1983; Gissmann et al.,1984; Schwarz et al., 1985; Meanwell, 1988) . The development of benign epithelial tumors and hyperplasia of the human oral cavity is also linked to HPV infection (zur Hausen, 1977; Summers and Booth, 1979; Shaer et al., 1980; Syrjanen et al., 1983 Syrjanen et al., , 1986 Syrjanen et al., , 1992 Yeudall, 1992; Spitz et al., 1988; Di Luca et al., 1990) , where up to 40% of the cancer tissues from oral biopsies contain HPV DNA (Chang et al., 1990) .
We have previously shown that normal human oral keratinocytes (NHOK) immortalized by transfection with HPV-16 genome became tumorigenic after chronic exposure to benzo(a)pyrene (Park et al., 1995) . The HOK-16B-BaP-T tumorigenic cell line, which was derived from immortalized HOK-16B cells, contains integrated HPV-16 DNA and expresses the viral E6 and E7 genes. The HOK-16B-BaP-T cells also demonstrated in vitro anchorage independence and tumorigenicity in nude mice (Park et al., 1995) .
To identify the changes in keratinocytes gene expression associated with the transition from immortal to neoplastic cells, we employed representational dierence analysis (RDA). The RDA is a PCRcoupled subtractive hybridization technique that enriches sequences which are present in one DNA sample and absent or substantially depleted in others (Lisitsyn et al., 1993; Hubank and Schatz, 1994) .
Messenger RNAs isolated from exponentially replicating HPV-16 immortalized human oral keratinocytes (HOK-16B) and tumorigenic cells (HOK-16B-BaP-T) derived from HOK-16B, were used as templates for RDA (Hubank and Schatz, 1994) . The ®nal RDA products that resulted from using the amplicons obtained from the HOK-16B-BaP-T cells as tester and HOK-16B cells as driver were subcloned into the pCR2.1 vector (Invitrogen, Carlsbad, CA, USA). Plasmid DNA isolated from 50 random colonies was sequenced and the resulting human cDNA sequences analysed for homology in the GenBank, EMBL, DDBJ and EST databases using the Blast program (Altschul et al., 1997) . Twelve cDNA fragments had more than 90% homology with known genes over at least 100 nucleotides. Eight of the identi®ed messages encoded for proteins which are involved in cell cycle control, signal transduction or transcription regulation (Table 1) . These eight gene products, which are putative tragets for malignant transformation, were chosen for subsequent analysis. The fragments TB8, TB32, and TB4 showed less than 50% homology with entries in GenBank, EMBL and DDBJ but matched reported human sequences in the EST database at the NCBI. They may represent cDNAs of potential novel genes. The remaining analysed colonies were redundant.
To examine the possibility that these genes may be associated with the malignant phenotype exhibited by the HOK-16B-BaP-T cells, we compared by quantitative Northern blot the mRNa levels encoding p23, TRAP-1, cyclophilin A, MBP-1, eLF3-p48, SKALP/ ela®n, Iip17, Hsp90a and the three unknown cDNAs. Total RNA isolated from exponentially replicating NHOK, HOK-16B, HOK-16B-BaP-T and human oral cancer cell lines of various origins and characteristics (Table 2 ) was resolved in a 1% agarose-formaldehyde gel and transferred to a nylon membrane. The RDA products subcloned into the pCR2.1 vector were digested with EcoRI, isolated and used as templates for probe synthesis using [a 32 P]dCTP. After prehybridization, hybridization and washes, the signals were detected using a Storm 840 phosphorimager analyzer (Molecular Dynamics, Sunnyvale, CA, USA), quanti®ed with ImageQuant software, version 1.1 (Molecular Dynamics, Sunnyvale, CA, USA) and the values normalized using b-actin mRNA content.
Northern analysis of the mRNA encoding TRAP-1 and Iip17 showed no signi®cant dierence between NHOK and the immortalized or tumor cells (data not shown). On the contrary, the transcript encoding eiF3-p48 was upregulated threefold in the HOK-16B and HOK-16B-BaP-T cells when compared to NHOK. The SCC-9 cells showed a twofold increase in the level of this transcript with no increment in the other cells ( Figure 1a ). An uregulation of sevenfold and ninefold was detected in the mRNa level encoding MBP-1 in the HOK-16B and HOK-16B-BaP-T cells, respectively, when compared to NHOK. There was also a fourfold increase of this transcript in the Hep-2 and SCC-9 cells, but no increase in the Tu-177 cells (Figure 1a ). The level of the mRNA encoding Hsp90a was upregulated ®vefold in HOK-16B and more than ninefold in HOK-16B-BaP-T cells compared to NHOK but it was increased by only twofold in Tu-177 and SCC-9 cells and threefold in the HPV-positive HEp-2 cells (Figure 1a) . Upregulation of cyclophilin A mRNA was twofold in the HOK-16B and HOK-16B-BaP-T cells and more than fourfold in Hep-2, but signi®cantly less in NHOK and SCC-9 cell line (Figure 1a) . In contrast, the mRNA encoding p23 was decreased in all the cell lines tested when compared to NHOK (Figure 1b) . The HOK-16B and HOK-16B-BaP-T cells showed sixfold and threefold reduction in the expression of p23 compared to NHOK. A similar reduction in the amount of this transcript occurred in the other tested cancer cells. When the mRNA level encoding the proteinase inhibitor SKALP/ela®n was analysed, a reduction of ®ve-and sixfold was detected in the HOK-16B and HOK-16B-BaP-T cells. The cancer cell lines Hep-2 and Tu-177 showed a similar decrease but SCC-9 cells exhibited less than twofold reduction (Figure 1b) .
Northern blot analysis was also employed to analyse the potential novel gene transcripts TB32, TB8 and TB48. When compared to NHOK, the unknown transcript TB32 was upregulated to approximately threefold in the HOK-16B and HOK-16B-BaP-T cells. Similar values were obtained with other tumor cells with the exception of the SCC-9 cells which showed less than a twofold increase (Figure 2a ). When total RNA isolated from various human tissues was screened using the TB32 probe, a band of approximately 3.5 kb was detected. The level of this transcript was highest in skeletal muscle and lung but absent in liver (Figure 2a) . On the contrary, a lower level of the unknown transcript TB8 was detected in HOK-16B, Hep-2 and Tu-177 cells when compared to NHOK. The same 0.8 kb transcript showed a signi®cantly lower level, although to a lesser extent, in tumorigenic HOK-16B-BaP-T cells and oral cancer SSC-9 cells ( Figure  2c) . No signal was detected in total RNA from normal human non-oral tissues screened with the TB8 probe, even after a prolonged exposure of the probed membrane (Figure 2c) . The unknown 1.8 kb transcript TB48 did not show any signi®cant dierence between the cells analysed, albeit it was twice as high in HOK-16B-BaP-T than in NHOK (Figure 2b) . Moreover, no signal above background was detected in human nonoral normal tissues even after the membrane was exposed for 72 h. A signi®cant dierential expression was detected for the transcripts Hsp90a, TB8 and TB48 between HOK-16B and HOK-16B-BaP-T cells. The small dierence detected for other transcripts identi®ed by RDA between HOK-16B and HOK-16B-BaP-T could be due to the relative abundance of these messages, which might have aected the subtraction procedure (Hubank and Schatz, 1994) . If these abundant gene products were involved in the immortalization process, they fortuitiously revealed a dierential expression between NHOK and HPVimmortalized cells as well as neoplastic cells derived from them. The eiF3-p48 transcript, that is upregulated in two of three HPV-positive cell lines analysed (Figure 1 and  Table 2 ), encodes a 48 kDa protein which appears to be subunit of the translation initiation factor eIF3 complex and a regulator of cell growth in association with the nuclear promyelocytic leukemia protein (PML) bodies (Asano et al., 1997; Desbois et al., 1996) . The gene that encodes this protein in mouse has been identi®ed as int-6, a site of frequent integration for the mouse mammary tumor virus, associating this gene with cell proliferation. In addition, the homologous human int-6 gene product binds to the T-cell leukemia virus type I Tax protein, leading to the redistribution of Int-6 from the nuclear PML bodies into the cytoplasm (Debois et al., 1996) . The PML bodies can also be disrupted and their components redistributed as a result of the expression of dierent viral proteins. The cytomegalovirus proteins IE1 and IE2, the herpes simplex virus type 1 protein ICP0 and the adenovirus E1A protein and E4-ORF3 encoded proteins seem to mediate these eects (Ahn and Hayward, 1997; Maul and Everett, 1994; Mullen et al., 1995; Puvion-Dutilleul et al., 1995; Carvalho et al., 1995) . Interestingly, the HPV E7 oncoprotein localizes to the nuclei of the infected cell and has homologous domains to the adenovirus E1A protein (Barbosa et al., 1990) .
The MBP-1 transcript, which is notably upregulated in HOK-16B and HOK-16B-BaP-T cells, encodes a 35 kDa protein which binds to the sequence 5' of the TATA box of the human c-myc P2 promoter and acts as a negative regulatory factor for this gene (Ray and Miller, 1991) . Since c-myc is a protein necessary for cell proliferation, its downregulation by MBP-1 should cause a block in cell proliferation leading to cell death (Ray, 1995) . Therefore, MBP-1 may be non-functional in the analysed cell lines either by mutation or by suppression of its action.
Another one of the upregulated transcripts in HOK-16B and HOK-16B-BaP-T cells encodes Hsp90a, a member of the cellular stress response family of proteins (Lindquaist and Craig, 1982) . It has been reported that Hsp90a is also induced by the adenovirus E1A product (Simon et al., 1987 ). Interestingly, the highest level of Hsp90a transcript (Figure 1a ) was detected in two of the three cell lines that express the HPV E7 oncoprotein (Table 2) , a protein which contains two regions of homology with the adenovirus E1A protein (Barbosa et al., 1990) . Interestingly, a recent report indicates that the HPV-16 E7 oncoprotein induces the expression of the Hsp110 and that its induction depends upon a region in E7 also involved in the interaction with the retinoblastoma protein (Morozov et al., 1995) . Our observations and the above reports thus indicate that the expression of Hsp90a may be upregulated by`high risk' HPV E7, but further studies will be necessary to clarify this matter.
Two of the the downregulated transcripts in HOK-16B and HOK-16B-BaP-T are p23 and SKALP/ela®n (Figure 1b) . The p23 is a replication-related protein whose cellular level appears to be controlled posttranscriptionally, but physiological function of this protein remains unknown (BoÈ hm et al., 1989) . The Figure 1 RNAs dierentially expressed in oral tumor cell lines identi®ed by RDA. Total RNA (10 mg/lane) isolated using TRIzol reagent (GIBCO ± BRL, Gaithersburg, MD, USA) from exponentially replicating cells was resolved in a 1% agarose-formaldehyde gel and transferred to Hybond membranes (Amersham International, UK). The RDA products subcloned into the pCR2.1 vector (Invitrogen, La Jolla, CA, USA) were digested with EcoRI, isolated and used as templates for probe synthesis using [a 32 P]dCTP and Prime-It RmT (Stratagen, La Jolla, CA, USA). After prehybridization, hybridization and washes following membrane manufacturer instructions, the signals were detected using a Storm 840 phosphorimager analyzer (Molecular Dynamics, Sunnyvale, CA, USA) and quanti®ed with ImageQuant software, version 1.1 (Molecular Dynamics, Sunnyvale, CA, USA). The obtained values were normalized by b-actin mRNA content. Phosphorimager screens were exposed to membranes for 3 h before quanti®cation. A.U.: arbitrary units. (a) upregulated transcripts; (b) downregulated transcripts SKALP/ela®n protein, which inhibits serine proteinases, is dierentially expressed in human skin tumors and can be induced by epidermal injury (Alkemade et al., , 1994 . Contrary to our ®ndings in oral keratinocytes, Alkemade et al. (1994) reported that they could not detect signi®cant SKALP/ela®n expression in exponentially replicating skin keratinocytes. One possible explanation for this discrepancy may be related to the origin of the epithelial cells.
Three of the cDNAs obtained after our RDA selection showed less than 50% homology with entries in GenBank, EMBL and DDBJ, but matched human DNA sequences in the EST database. When probes representing these cDNAs were used to screen total RNAs obtained from dierent human oral non-tumor and tumor cells, signals were detected with all of them (Figure 2a ± c) . The level of TB32 transcript was signi®cantly higher in oral tumor cells and HPV-16 immortalized keratinocytes compared to that of NHOK. The transcripts were also detected in dierent normal human tissues. The level of TB32 transcript was low in heart, kidney and pancreas, absent in liver and higher in skeletal muscle, lung, spleen and brain. The TB8 transcripts were not detected in the tested normal non-oral tissues, but NHOK contained high level of these transcripts. The Figure 2 RDA identi®ed unknown transcripts dierentially expressed in oral tumor cell. Total RNA isolated from NHOK, HOK-16B, HOK-16B-BaP-T, HEp-2, SCC-9 and Tu-177 cells were analysed as described in the legend for Figure 1 . Probes were synthesized as described in the legend for Figure 1 using the unknown cDNAs fragments obtained after RDA as templates for their synthesis. A blot containing 20 mg/lane of total RNA from dierent normal human tissues (Northern Territory TM , Invitrogen, La Jolla, CA, USA) was analysed in the same fashion simultaneously. Phosphorimager screens were exposed to probed membranes containing total RNA from dierent human normal tissues for 3 (a) or 72 h (b, c) before quanti®cation. A.U.: arbitrary units. The cDNA sequences corresponding to the clones TB32, TB8 and TB48 were deposited in GenBank (accession numbers: oral cancer cell lines HOK-16B-BaP-T and HEp-2 and immortalized HOK-16B cells contained lower level of TB8 transcripts compared to NHOK, although the level of this message in SCC-9 cancer cells was similar to that of NHOK. Similar to TB8, the TB48 transcripts were not detected in normal non-oral tissues, while these transcripts were also equally presented in NHOK and other tested cell lines. These data indicate that at least the expression of TB8 and TB48 is tissue speci®c. In an attempt to identify these three cDNAs we are currently analysing a cDNA library obtained from the HOK-16B-BaP-T cells. Whether these genes are involved in neoplastic transformation remains to be determined.
